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ABSTRACT

This is the fifth of a series of reports on the protection of mooring buoys.
Fourteen test buoys were given their fourth rating for extent of coating deterioration,
corrosion of steel, and fouling. A fifteenth buoy had been removed from test it the
time of the fourth inspection because of its advanced deterioration. The coating
systems on ejghe tEe buoys were in good condition and the six other coating systems
showed varying degreis of moderate deterioration. Two sets of thirteen test panels
coated with the differe'pt coating systems used on the buoys were given their thira
rating inspection after 18 months af expnsure. One set was exposed in San Diego Bay
and the other in Port Hueneme Harbor. The condition of the coating systems on
Port Hueneme test panels showed a general correlation with those on San Diego test
panels and buoys. In addition to environmental deterioration on buoys and test
panels, the buoys were abraded by mooring naval vessels. The galvanic corrosion of
rivet heads observed on most of the Mark I buoys during the last inspection had not
worsened to any significant extent. On those buoys with an ant;fouling coat, very
little antif dling protection remained after 20 months, but on the test panels two
antifouling coatings were still retarding fouling after 18 months.

Three of the test buoys were cathodically protected with a system using a
sacrificial magnes;um anode, a control head, and a remote ground cable. Although
the potentials produced on these buoys by this system were outside of the range
desired for complete protection, the system allowed only light rusting and no pitting.
When the system on each of these buoys was modified by replacing the magnesium
anode with a zinc anode united direitdly to the ground cable, potentials reached the
desired magnitude.

Copies available at OTS $1.25
Qualified requesters may obtain copies of ths report frovit DDC.

The Laboratory invites comment on this iaport, porticularly on the
results obtained by those who have applied the information,
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INTRODUCTION

Because the presently specified coatings fcr mooring buoys have performed
unsatisfactorily, the Bureau of Yards and Docks assigned the Naval Civil Engineering
Laboratory . .. ,, ,_,. . protection for fleet mooring buoys.
The assignment includec' protective coatings and cathodic protection.

A field test program was initiated in San Diego with fifteen peg-top riser-chain
mooring buoys (Mark I or Mark II). Thirteen different coating systems were used, and
a cathodic protection system was installed on one buoy of each of three pairs used in
this part of the test program. The results of the program are published in a series.
Technical Report R-246, 1 the first in the series, described the application of pro-
tective coatings and the installation of the cathodic protection system. Technical
Report R-258, 2 the second in this series, described the condition of buoys and coatings
at the time of their first rating inspection. Technical Report P-291,3 the third in
this series, described their condition at the time of their second rating inspection,
and the condition of sets of steel test paneis coated with the same protective coatings
applied to the buoys, after 6 months of exposure in either San Diego Bay or
Port H eneme Harbor. Technical Report R-314, 4 described the condition of the buoys
at the time of their third rating inspection and the condition of the oanels after 1 year
of exposure. This, the fifth report, describes the condition of the buoys at the time
of their fourth rating inspection and the condition of the panels after 18 months
of exposure.

SERVICE CONDITIONS

Fifteen test mooring buoys were placed in an area of Norio San Diego Bay that
receives heavy service from the fleet. Some of the buoys were badly damaged by
overriding vessels and by the abrasion of mooring lines and securing assemblies.

Because it was necessary to place the test buoys in service a few at a time,
and because there were long delays in obtaining acceptable specification coatings,
the test buoys were placed in service over a considerabie period of time. One set
of thirteen panels was suspended from a pier in San Diego Bay and the other from a
pier in Port Hueneme Harbor. A portion of each paner was continuully submerged,
another portion was subject to tidal change, and a third portion was continually
exposed to the atmosphere. The panels were not exposed to their harbor environments
at the same time as the buoys. They were kept in storage until all of them had been



coated, and then were all placed in test at the some time, rather than over a 6-month
period as were the buoys. At the time of their third rating (described herein), they
had been exposed tar 18 months.

INSPECTION PROCEDURE

Each of the tesi, mooring buoys was inspected after it had been lifted onto the
deck of a floating crone. The umount of fouling was determined, the types of organ-
isms were recordcui, und f•,ijlnn damage to the coating was noted. Two independent
ratings of the condition of each buoy and its protective coating system were mude ;c
the atmospheric, splash, and submerged zones. After the fouling was examined, the
cone and splash zon of each buoy were washed with a high-pressure stream of sea
water to remove the fouling and expose any coating damage.

To determine the amount of additional potential produced on cothodicolly
protected buoys, electrical potential me ,urem nts were made on buoys with and
without cathodic protection. The coating deterioration and corrosion damage of the
three cothodically protected buoys was compared to that of the control buoys.

Two independent ratings werE also made of the condition of the coating systems
on tle steel test panils exposed ;n San Diego Bay and Ptet Hueneme Harbor. Fouling
organisms were carefully remo• -d from one sideof each test panel with a wooden
scraper and a stiff brush befoi 3 rating the coating condition in the fouled area.

RAflI"G CRITERIA

As far as possible, the methods of rating the coatings on buoys and test panels
were those published by the American Society for Testing and Materials. 5 These
published methods define the conditions rated and give photographic reference
standards. Thus, chalking, blistering, checking, cracking, flaking, erosion, and
rusting were rated from 0 to 10 by ADTM methods D-659-44, D -7 14-56, D-660-44,
D-661-44, D-772-47, D-662-44, and D-610-43, respectively. A rating of 10 usually
describes a perfect condition, and a rating of 0, a completely deteriorated condition.
Blistering frequency was rated as none (N), few (F), medium (M), medium dense (MD),
or dense (D). S..-foce area covered by fouling (plant, animal, or combined fouling)
was rated f-om 0 (100 percent covered) to 10 (0 percent covered). Color of the top-
coat on the b, was nlso rated from 0 to 10, 10 indicates pure white with no
yellowing ( Jiscoloration (except rust streaks from uncoated bolts), and 0
indicates a color unacceptable to the U. S. Coast Guard.

Frequency of use of buoys by the fleet was rated as light (0 to 2 days per week),
medium (2 to 4 days per week), or heavy (4 to 7 days per week). Two types of moor-
ings were mode to the buoys. Some provide bow and stem moorings only, and +e

rest provide either bow and stewrn or free-swinging moorings.



The overall condition of each buoy and its coating system was rated as
excellent (in essentially the same condition oi when first placed in service); good
(very minor deterioration); fair (a significant amount of coating deterioration and/or
nrsting but still in serviceable condition); poor (coating deterioration and rusting
serious enough to lead to an early removal from service).

The coating system on each test panel was given an overall rating from 0
(minimum) to '0 (maximum) depending upon both the condition of the entire coating
system and the protection afforded to the steel. It was much easier to rate the over-
all coating conditions on the panels than on the buoys because the panels were not
abraded in mooring service.

CONDITION OF BUOY COATINGS

Table I describes each coating system. The overall ratings and lenqtks of
service of buoy coatings arc summarized in Table II. The proprietary sources of •he
coatings tested are listed in References 2 through 4. Ratings of specific condit'K.ns
of coated test buoys ore given in Appendix N.

Coatng System 1: Urethane

The buoy with Coating System I had deteioroted Jn +ightly more since the
previous inspection. 4 The galvanic corrosion of r:•vet h 4c• ad not increased sign;f-
ican'iy. The patches of underwater-curing epoxi flnot hod been applied to underwater
abraded areas 18 months before (Figure 1) were still in relatively good condition.
On a few of these patches, where lifting of the edges from the coating was previously
noted, 3 ,4 a pottion of the lifted edge had been chipped off by abrasion. In no case,
however, was there loss of epoxy where it was bonded directly to the steel. The
epoxy patches were still fully protecting the steel previously exposed when th-e
coating was dan~oged. An underwater portion of the buoy hod been abraded since
the previous inspection, and the exposed steel was rusting. The bare steet' ,as

cleaned by power wire brushing, and the surrounding undamaged cocting was scrubbed
with a stiff brush. The cleaned metal and one inch of the surrounding coating were
covered (Figure 2) with the underwater-curing epoxy 2 previousl-, applied to th!s
buoy.

There was more fouling on this buoy than on the others, but the organisms
were similar. Barnacles, mussels, and green algae were present in the splash zone;

tunicates, barnacles, hydroids, bryozoa, mussels, and tube worms were present :n the
submerged zone. Specific species of fouling orgorisms identified on test buoys were
listed in TR-291. 3 None of the coating systems in good of good-fair co-H:t-on -ere
damaged by fouling.
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Figqure 1. Underwater"-curing epoxy patches (see arrows) on System
buoy. Note fouling still clinging to patches after high-
pressure hosing.

F~jure 2. Patching damaged orec ot System I buoy with
underwater-curinq epoxy.

6



Coating Systemr 2: Epoxy

The buoy w ith Coating System 2 hod very !I ile cooting deterioration (Figure 3).
Tr.e sliht rvsti'ig in thie utrilcspheric zone wms re~frict~d to oroas abraded by the
securrinj asserably; thot in t~ti sub#nerqocs zone was restricted to a few rivet heads.
A dent h,ýd been krm~ked into one of the stte'ei pictes in One submergod zone, but
+4,i dýd not daoTiage the sooting.

Coating -ytam3 PolyPyester

The buoy w;+ Cocating Systlem 3 was in -,ssentially the some conditoa (Figure 4)
as at the previous inspetion, The yel 1ow epxy primev was cntfmnving to poroect
the steel from corrosion in oreas where rmvc-h of the pclyestcr topcoat h", beer, lost,
The side of +he buoy was consiterbly streaked with rust fr"~ behin-d tack-weldeld
flanges and from cbraded areas.

Cocting Systemn 4: Epoxy -Coal Tar Epoxy

The buoy with Cocting System 4 was in essentially the some condition (Figure 5)
as at the previous inspection. The delamination of the topcoat and seal coat (Figure~ 6)
had increased only slightly, and the underlying epoxy primer and coal tar epoxy were
providing good protection to the steel.

Coating Systemr 5: Coal Tar Epoxy -Phenolic

The overoll condition of the Coating Systemn 5 buoy was similar to that noted
in the prev~ous -nspection. At that time there was some concern over the advanced
galvanic corrosion of abraded rivet heads. These rivet heads had not lost much more
metal since then. There was consderable abrasion damage on the top of this lightly
fendered Mcrk I buoy. Some of these damaged areas had been patched with
underwater-curing epoxy 18 months earlier. Several of these patches (Figure 7) had
been partially chipped away by further abrasion from the securing assembly.

Coating Systems 6 and 6-C. Phenolic Mastic

Coa~rig Systerms 6 and 6C were identical, but the 6C buoy was cathodically
protected. The abraded top crnd rivet heads (Figure 8) in the submerred portion of
the System 6 buoy had not deteriorated significantly fui-ther sikice the lost 'nspectic
A yecir before, the System 6C buoy hod been rather extensively abraded by a ship;
these abraded areas continued to show -usting but no pitting either abo~e or below
(F;gure 9) the water line.
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Figure 3. System 2 buoy after removal of fouling.

Figure 4. System 3 buoy after iemoval of fouling.
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Figure 5. System 4 buoy after removal of fouling.

Figure 6. Delamination area of System 4 buoy. Note fouling on the
coal tar coating, even though the coating is providing good
protection to the steel.
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Figure 7. Top of System 5 buoy. Note abrasion of coating system and
epoxy patches.

i I

Figure 8. Rivt.ted seam of System 6 buoy showing abraded rivet heads
with galvanic corrosion.
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Figure 9. Abraded underwater portion of System 6C buoy.

System 7C: Phenolic

The fouling on the Coating System 7C buoy (Figure 10) was of a type and
intensity similar to that on test buoys without antifouling paint. Growths of barnacles
-nd tunicates were relatively heavy, and there were mussels, hydroids, green algae,
and tube worms to a lesser degree. The yellow primer hod been exposed in many
places on the submerged portion of the buoy where the antifouling paint had eroded,
but this had not permitted any rusting. The pin-point rusting previously noted 4 ;n
the atmospheric and splash zones had not advanced significantly since the previous
inspection.

System 8: Phenolic-Alkyd

The coating system on the submerged portion of the System 8 buoy (Figure 11)
was identical to that at the System 7C buoy. Consequently, #he fouling on both
buoys was similar. The System 8 buoy, however, hod lost less ontifouling coat, so
less yellow primer was exposed. The pin-point rusting and abraded areas previously
noted on the buoy 3 ,4 showed no further siqcificont corrosion since the previous
inspection.

f



Fgure 10.~~~~~~~~~ Sytem7 uybfreoa ffuig

Figure 10. System 8C buoy before removal of fouling.
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Coating System 9: Vinyl

The amount of fouling on Cu,. System 9 buoy (Figure 12) was medium. The
heavy growth of green algae was due to hte fact that the Mark I buoy rode lower in
the water than did the Mark II buoys (Systems 7C and 8-). Other fouling organisms
on these three buoys were identical in species. When the System 9 buoy was hosed
off, several small spots of "-inyl primer were exposed where antifouling paint washed
off with mussels.

The slight rusting couusd by abrasion had not increased much since the previous
inspection. A ship had dented a steel plate in the submc,,.•, zone, but this had not
damaged the coating.

Coating System 10: High-Body Vinyl

The blistering and notivn ir c!l thi'ce z.s oi" the System 10 buoy hod not

deteriorated appreciably further (Figure 13) s~nce the previous inspection. Many of
the blisters were broken by the high-pressure hosing, exposing bare metal. Both
fenders on the side of the buoy had been broken by the impact of a naval vessel.

Coating System 11: Vinyl Mastic

Because of advanced corrosion, the Coating System 11 buoy was removed from
test at the tir"' of the previous inspection.

Coating System 12: Inorganic Zinc Silicate -\'nyl Mastic

The Coatirj System 12 buoy was essentially free of corrosion in all three zones
(Figure 14). The only corrosion noted was where portions of the top edge had been
abraded by mooring lines. Although approximately half of the primer and topcoat
had been lost from the submerged portion of the buoy after 6 months of service, the
underlying inorganic zinc .- licate was still preventing corrosion 18 months later
(Figure 15).

Coating Systems 13 and 13(C: Saran

Coating Systems 13 and 13C were identical, but System 13(C was op.lied to a
cathodically protected buoy. There was rust on both buoys (Figures 16 and 17), in the
atmospheric and splash zones, either pin-point rusting or rusting initiatec by coating
abrasion. The System 13 buoy also had rust :n the submerged zone, but in this portion
of the System 13C buoy rust oc...urred only on the square of steel exposed by wire
brushing to test the cathodic protection system. The 13(C buoy hod been struck by a
ship that bent the cathodic protection unit, but this damaged neither the ccating no,
the cathodic protection system.
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Figure 12. System 9 buoy before removal of fouling.

iI

Figure 12. System 10 bLc'v after removal of foulIing.
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Figure 14. System 12 buoy before remevot of fouling.

Figure 15. Deteriorated portion of Systemn 12 buoy, showing +:e topcoot
(white), th, primer (doric brown), and the inorganic zinc
silicatt (gray).

15



Figure 16. System 13 buoy before removal of fc..,Iing.

Figu~e 17. System 13C bloy befoie remc,,.oi of fo~ulng.
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CONDITION OF COATED PANELS

The coating system on each test panel i; rater in Table Ill, and the ratings of
specific conditiors are given in Appendix B.

Although not noted in Appendix B, numerous small shrimp were present in the
foulinr on all San Diego panels. Thse shrimp were living among the fouling organ-
isms and not attached directly to the panels; thus, they repreiernted no fouling problem
but indicated that a change had occurred in the environment.

Coating System 1: Urethane

Both urethane-coated panels were in excellent condition. The only sign of
deterioration was a few pin-point rust spots in the atmospheric zone of the
Port Hueneme panel.

Coating System 2: Epoxy

Othet than loss of the antifouling coating, neither epoxy panel showed any
coatitng deterioration, and there was no rust on either panel.

Coating System 3: Epoxy-Polyester

4
As previously reported, when the antifoulirg coat (identica! ro that of

System 2) was "ost from System 3 panels it took the polyester coats with it, exposing
the underlying epoxy primer. This primer has continued to prevent rust on the
San Diego panel and has permitted only slight rusting on the Port Hueneme panel.
There was st't no blistering on the San Diego pone, whereas extensive blistering
was pteviou-ly noted 4 on the Port Hueneme panel.

Coating System 4: Epoxy-Coal Tur Epoxy

Neither of the System 4 panels showed dete iorcition ;n any zone.

Catx•ng S-stef, 5: Coal Tar Epoxy-Phenolic

On bo+h of -he System ý panels, 'he seal coat and underlying, -ol to( epoxv
coot gave excei!ent protection. The prevously reported 3 los, of topcoat had no
"effect.

Cooting Syietr 6- Phenolic Most :

Neither of the System 6 panels showed deterioration in anv zone.

17
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Coating System 7C: Phenolic

The slight rusting reported 3'4 in the atmospheric zone of the Port Hueneme
System 7C panel had not increased significantly, and the San Diego panel showed
no deterioration in any zone. The antifouling coat was still effective in restricting
the fouling to a light growth, but a slight amount of the yellow primer was showing
through the block antifouling on both panels.

Coating System 8: Phenolic-Alkyd

Ther were a few small blisters in the submerged zone of the Port Hueneme
panel but o.nerwise no sign of coating deterioration or rust on eitk"r System 8 panel.
The antifoul;ng coat was identical to that oit 7C, and fouling was light. But here
too some yellow primer was showing through the black antifouling.

Coating System 9: Vinyl

Neither System 9 panel showed deterioration in any zone. The vinyl antifouling
coating continued to permit only light fouling at both locations.

Coating System 10: High-Body Vinyl

Blisters were numerous on the Port Hueneme System 10 panel, and the steel had
rusted in all three zones. The Son Diego panel was also blistered and rusted but to
a lesser degree.

Coating System 11: Vinyl Mastic

On ýhe System I1 panel in Port Hueneme, blistering and rusting were severe
in the tidal zone, but the other zones were in-i comparatively good condition. There
was slightly less blistering and rusting on the San Diego panel, but it occurred in
both the tidal and submerged zones,.

Coating System 12: Inorganic Zinc Silicate -Vinyl Mastic

The System 12 panel in Port Hueneme had a few blisters in the tIrdal zone
where the previously noted 3, 4 delamination of the vinyl rnastic coating was concen-
trated. A similar blistering and loss of coating occurred in both the tidal and
submerged zones of the San Diego panel. The underlying inorganic zinc silicate
had protected both panels from corrosion.

19



Coating System 13: Saran

Both System 13 panels were in very good condition. Only a few pin holes of
rust were noted, with some edge-rusting.

CATHODIC PROTECTION RESULTS

The original cathodic protection system1 installed on three of the test
mooring buoys utilized a sacrificial magnesium anode, a control head designed to
maintain a potential near -850 millivolts (with respect to a reference silver-silver
chloride half-cell), and a remote ground cable to distribute the protection through-
out the submerged exterior of the buoy. Although values near the desired potential
were obtained when the three cathodically protected buoys were initially installed,
by the time of the second inspection the potential had fallen to -730 mv. At the
same time, the potential of the buoys without cathodic protection averaged -650 mv.
The rate of magnesium loss from anodes had also decreased. It appeared that resistance
had developed somewhere in the circuit. The top bronze securing bracket on the
control head was replaced with a steel bracket, and the contact points were sanded
to remove any resistance film. But the potential increased only partially and the
increase was temporary. So, at the third inspection, the original control heads were
replaced with new control heads designed by the supplier to maintain a potential
of -900 mv. After 2 months of service the average potential on cathodically pro-
tected buoys was only 90 my more than on unprotected buoys.

Consequently, the cathodic protection system on the System 7C buoy was again
modified. The magnesium anode was replaced with a zinc anode, and the remote
ground cable was joined directly to the steel pipe supporting the zinc anode. With
this arrangement, current does not pass through the control head, which now serves
only as a securing bracket. Although both anodes were of the same general size, the
zinc anodes weigh about 145 pounds - approximately double that of the magnesium
anodes. Immediately after the modified buoy was returned to the water, its potential
was -840 mv. When checked 29 days later, buoy patential was -980 mv. After 51
days, it was -900 mv with a naval vessel secured to the buoy. At the time of the
present inspection (132 days after the modification), buoy potential was -930 mv.
The condition of the anode at this time is shown in Figure 18.

The potential of System 6C buoy was -730 mv before the buoy was removed
for inspection, and that of buoys without cathodic protection was -670 mv. There
was very light rust on the studs and nuts which secure the anode assembly. The
cathodic protection system was modified to conform with that on System 7C buoy,
and immediately after returning this Luoy to the water the potential was -890 mv.
Ten days later it was -820 mv.

20
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Figure 18. Zinc anode of System 7C after 132 days.

The potential of System 13C buoy was -770 mv before the buoy was removed
for inspection. A vessel had struck the lower end of the cathodic protection unit,
bending securing brackets, the anode pipe, and the lowest protective steel bar
(Figure 19). The brackets and steel bar were straightened, and this magnesium
anode was also replaced with a zinc anode. The square of bare steel (Figure 19)
previously exposed by wire brushing3,4 was covered with light rust but was not
pitted. There was also light rust on the studs and nuts which secure the anode
assembly. Immediately after returning the buoy to the water the potential was
-800 mv. The r. xt day it was -820 mv, and 10 days later it was -860 mv.

DISCUSSION

None of the buoy coatings showed significantly greater coating deterioration
since the time of the last inspection. Nor had the oalvanic corrosion of rivet heads
on the Mark I buoys advanced to a very serious extent. Thus, the ratings ore very
similar to those in the previous inspection report. 4 It appears from these ratings
that several of these coating systems, properly applied, can serve better than those
previously used on mooring buoys in San Diego Bay. The conditions of the buoy
coating systems at the time of each inspection are summarized in Table IV.

21



Figure 19. Portion of System 13C buoy showing bent cathodic
protection unit and rusted square of bare steel.

Both the shipbottom block (Mil-P-19449) antifouling coatings of Systems 7C
and 8, and the vinyl (Mil-P-15931A) antifouling coating of Systems 9 had lost most
of their antifouling properties after about 20 months of service on the test buoys. The
test panels with these coating systems, however, were still restricting the fouling to
a light growth in both harbors. This is consistent with the general opinion that the
effectiveness of antifouling paints falls off rapidly aoter 18 months of service. It
should also be noted that tne buoys were located in areas where fairly strong currents
occur, while both panel exposure locations ore relatively quiet areus. Thus, the
toxic constituents of the antifouling coatings might be expected to leach more
rapidly on buoys thon they would on the panels. The marine environment of the
San Diego test panels had again changed, as indicated by the presence of shrimp for
the first time on these panels. As previously reported, 4 there were no bryozoa on
San Diego panels, but they were found on San Diego buoys and Port Hueneme panels.

The coating systems rated good or good-fair on test buoys (Table 1I) showed
slight or no deterioration on test panels after 18 months. In all cases, the coating
systems on the buoys had abrasion damage from naval vessels. The white topcoat of
all the coating systems had discolored but none seriously. Only those systems with
significant deterioration problems will be turther discussed in this section.

22



Table IV. Condition of Buoy Coatin%• at Time of Each Inspection"/
I I I ! I I I I II I - t'- I f I

G G G G

2 G G G G 2

G F F F

G G-F G-F G-F

5 G G-F F F

6 G G G G

6C G G G G

a 7 7C G G G G

8 E G G G

9 E E G G

10 G F F F

11 A p

12 F F F F

G G-F G-F G-F

13C G G G G
Ii I I I i -L , i -a a a a i i t _j i .-

6 12 18 24

Cumulative Time (months)

21 Ratings:
E excellent
G-good
F - fair
P poor

_/ Removed after 19 months
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In Coating System 3 (epoxy-polyester), much of the polyester topcoats was
lost after I year of exposure, but even after 2 years the primer was still effective in
protecting the buoys and panels from corrosion. The epoxy primer pigmented with
zinc chromate is identical to the primer of System 2.

In Coating System 4 (epoxy- coal tar epoxy), although 40 percent of the epoxy
seal coat and topcoat had delaminated in the submerged zone of the buoy, the under-
lying coal tar epoxy and epoxy primer were providing good protection. The same
coating system on the panels was in excellent condition after 18 months. Again, no
explanation could be found for the difference in behavior of Coating System 4 on
the buoy and the test panels.

Coating System 5 (coal tar epoxy-phenolic) had lost sizeable portions of the
topcoat in the tidal and submerged zones of both panels, exposing the gray seal coat.
This did not occur on the buoy. The coating system was still providing good protec-
tion on test panels and fair protection on the buoy.

The blistering and rusting associated with Coating System 10 (high-body vinyl)
had not increased appreciably on either the buoy or test panels since the previous
inspection.

In Coating System 12 (inorganic zinc silicate -vinyl mastic), large portions of
the vinyl mastic topcoat had been lost from the submerged portions of both panels
and buoys. But the inorganic zinc silicate continued to protect the steel.

The three newly designed control heads placed on cathodically protected
buoys did not raise the buoy potentials into the desired range. Although light
rusting occurred on the bare square of steel on the System 13C buoy, the potential
produced prevented pitting. Peterson and Woldron 6 found that a low potential may
prevent pitting, even though it allows light rusting. The high potentials on the
System 7C buoy after the magnesium anode was replaced with a zinc anode indicates
that the circuit resistance, in the original system was in the control head and not in
the ground cable. These potentials also indicate that the zinc was not possivated to
any significant extent.

FINDINGS

1. On eight of the test buoys, the coating systems were in good condition; six showed

varying degrees of intermediate deterioration.

2. The condition of the coatings had not changed much since the previous inspection.

3. The antifouling coats on the test mooring buoys retained very little antifouling
efficacy after 20 months. The vinyl and shipbottom black antifouling coatings on
test panels, ihowever, were still retarding fouling after 18 months of exposure.
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4. The galvanic corrosion of rivet heads, noted on most of the Mark I buoys in the

previous inspection, had not increased significantly.

5. The newly designed control heads, placed on the three cathodically protected
buoys in the previous inspection, did not maintain the buoy potential at the desired
level.

6. The replacement of magnesium anodes with zinc increased buoy potentials to the
desired level and maintained them for the short term herein reported.

CONCLUSIONS

1. Several of these coating systems, properly applied, can serve better than those
previously used on mooring buoys in San Diego Bay.

2. The resistance which developed in the original cathodic protection system was
in the control head.
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Appendix A

RATINGS OF BUOYS WITH TEST COATINGS

Coating System 1: Urethane

No. of Days in Service: 787 Overall Condition: Good

Amount of use: Light Type of Mooring: bow and Stem

Condition Rated .Atmoseric • Su6" d

Color 9 9

Chalking 4 4

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 10

Erosion 10 10 10

Rusting, Type 1* 9 9 9

Rusting, Type II** 10 10 10

Foul ing, omount - heavy heavy

Guano, amount light

Structural damoge none none none

Type I - Without blistering
Type II - With blistering
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Coating System 2: Epoxy

No. of Days in Service: 747 Overall Condition: Good

Amount of use: Heavy Type of Mooring: Bow and Stem

Condition Rated Atmospheric S1 lash Submerged

Color 9 9 -

Chalking 8 8 -

Blistering N, 10 N, 10 N, 10

Checking 10 10 -

Cracking 10 10 10

Flaking (scaling) 10 10

Erosion 10 10 10

Rusting, Type 1 9 10 9

Rusting, Type II 10 10 10

Fouling, omount - heavy heavy

Guano, amount medium -

Structural damage none none dent in
steel plate
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Coating System 3: EPOXy-Polyester

Ne. of Days in Service: 747 Overall Condition: Fair
Amount of use: Heavy 

Type of Mooring: Bow and Stern

Cundition Rated Atmrou!-4erjc Splash submerged
Color 

79 9
Chalking 

8 8
Blistering N, 10 N, 10 N, 10
Check ing 10 10 10Cracking 

10 10 10
Flaking (scaling) 10 5* 5*
Frosion 

10 10 10
RLsting, Type i 9 9 9Rusting, Type II 10 10 10
FouI ing, amolut -- ;eavy heavy
CGuvo, Omoun t medurn
Struc url damage fender spOnfered none fender splintered

Topcoat '>s# expos;9 ,,6-mer
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Coating System 4: Epoxy -Cool Tar Epoxy

No. of Days in Service: 787 Overall Conditiooi- Good

Amount of use: Heavy Type of Mooring: Bow and Stem

Condition Rated Atmospheric Splash Submerged

Color 9 9

Chalking 8 8

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 6'

Erosion ;0 10 10

Ri.st;ng, Type 1 9 9 10

Rust:ng, Type I1 10 10 10

Foul ing, omocot -t light medivm

Guano amount light

Steuctruro domoge, r•r.e noPe none

" l)elominot;on of topcoat and seal coat, exposing cool tar epoxy coating
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Coating System 5: Coal Tar Epoxy-Phenolic

No. of Days in Service: 746 Overall Coidition: Fair

Amount of use: Lght Type of Mooring, Bow and Stem

Condition Rated Atmospheric Splash Submerged

Color 9 9 -

Chalking 8 8 -

Blistering N, 10 N, 10 N, 10

Checking 10 10 10
Cracking 10 10 10
Flaking (scaling) 10 10 10
Erosion 10 10 10

Rusting, Type 1 7 9 9'
Rusting, Type Ii 10 10 10
Foulinq, amount - medium medium

Guano, amount light
Structural damage none none none

* Rivet heads were badly corroded
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Coating System 6: Phenol ic Mastic

No. of DWys in Service: 745 Overall Condition: (ooj

Amount of use: Heavy Type of Mooring: Bow anj Stem

Condition Rated ANr.ospheric S Subr•-t,'ed

Color 9 9 -

Chalkihg 6 6

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 10

Erosion 10 10 10

Rusting, Type 1 8 9 9*

Rusting, Type 11 10 10 10

Fouling, amount - medium medium

Guano, amount light -

Structural damage dent in side broken fender dent in
broken fender steel plate

* Rivet heads were badly corroded
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Coating System 6C: Phenolic Mastic

No. of Days in Service: 746 Overall Condition: Good

Amount of use: Light Type of Mooring: Bow and Stem

Condition Rated Atmospheric Splash Submerged

Color 9 9 -

Chalking 8 8 -

Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Cracking 10 10 10
Flaking (scaling) 10 10 10
Erosion 10 10 10
Rusting, Type I 9 9 9
Rusting, Type II 10 10 10
Fouling, amount -light medium

Guano, amount light

Structural damage splintered none none
fender
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Coating System 7C: Phenol ic

No. of Days in Service: 599 Overall Condition: Good

Amount of use- Light Type of Mooring: Free-Swinging

Condition Rated Atmospheric Splash Submerged

Color 9 9 -

Chalking 6 6

Blistering N, 10 N, 10 N, 10

SChecking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 10

Erosion 10 10 8*

Rusting, Type I 9 9 10

Rusting, Type ;1 10 10 10

Foul ing, amount - Light medium

Guano, amount medium -

Structural damage none none none

* Antifouling only

3I
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Coating System 8: Phenolic - Alkyd

No. of Days in Service: 600 Overall Condition: Good

Amount of use: Ught Type of Mooring: Free-Swinging

Condition Rated Atmospheric Su

Color 9 9 -

Chalking 8 8 -

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (scal ing) 10 10 10

Erosion 10 10 9*

Rusting, Type I 8 9 9

Rusting, Type II 10 10 10

Foul ing, amount - light medium

Guano, amount light - -

Structural damage none none none

* Antifouling only
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Coating System 9: Vinyl

No. of Days in Service: 622 Overall Condition: Good

Amount of use: light Type of Mooring: Free-Swinging

Condition Rated Atmospheric SplI_ h Submerged

Color o 10

Chalking 8 8 -

Blistering N, 10 N, 10 N, 10

Checking N, 10 10 10

Cracking N, 10 10 10

Flaking (scaling) N, 10 10 10

Erosion N, 10 10 10

Rusting, Type 1 9 9 9

Rusting, Type II 10 10 10

Fouling, amount - heavy medium

Guano, amount light -

Structural damage none none dent in
steel plate
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Coating System 10: High-Body Vinyl

No. of Days in Service: 713 Overall Condition: Fair

Amount of use: light Type of Mooring: Free-Swinging

Condition Rated Atmospheric S Submerged

Color 9 9

Chalking 6 6

Bi istering F, 2 F, 2 F, 2

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 10

Erosion 10 10 10

Rusting, Type I 9 8 9

Rusting, Type II 10 10 10

Fouling, amount - medium medium

Guano, amount light -

Structural damage none fender splintered none
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Coating System 12: Inorganic Zinc Silicate-Vinyl Mastic

No. of Days in Service: 788 Overall Condition: Fair

Amount of use: Light Type of Mooring: Bow and Stem

Condition Rated Atmospheric Splash Subme

Color 9 9 -

Chalking 8 8

Blistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 5*

Erosion 10 10 10

Rusting, Type I 9** 10 10
Rusting, Type II 10 10 10

Fouling, amount - light medium

Guano, amount light

Structural damage none none none

* Topcoat only

Top edge only
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Coating System 13: Saran

No. of Days in Service: 746 Cverall Condition: Good-Fair

Amount of use: Light Type of Mooring: Dow and Stem

Condition Rated Atmospheric Splash Submergod

Color 9 9
Chalking 8 8 _
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Cracking 10 10 10
Flaking (scaling) 10 10 10
Erosion 10 10 10
Rusting, Type I C 9 8
Rusting, Type II 10 10 9
Foul ing, amount - heavy heavy
Guano, amount IUght _
Structural damage none fender splintered none

dent in steel plate
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Coating System 13C: Saran

No. of Days in Service: 753 Overall Condition: Good

Amount of use: Ught Type of Mooring: Free-Swinging

Condition Rated Atmospheric Splash Submerged

Color 9 9

Chalking 10 10

Ilistering N, 10 N, 10 N, 10

Checking 10 10 10

Cracking 10 10 10

Flaking (scaling) 10 10 10

Erosion 10 10 10

Rusting, Type 1 9 9 10

Rusting, Type I! 10 10 10

Fouling, amount - light medium

Guano, amount medium - -

Structural damage dent in dent in none

steel plate steel plate
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Appendix B

RATING OF TEST PANELS AT PORT HUENEME AND SAN DIEGO
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Coating System No. 2

Expowr Site * PH I SD PH SD PH

PaneZo t S A T S A T S A T S A T S

Generol ýrotectioan 9 10 10 10 10 10 10 10 10 10 10 10 9 9 10

Lha k4ng - -. -2. 8
Checking j 1 0 10 10 10 10 10 10 00 '0 10 10 10

Blistering, size 10 )0 10 10 10 10 10 10 M0 10 10 10 10 6 6

Blistering, fro(-,joncy 1- f! N N N •-,. N N N N N N N MD" D

Flakin, 10 10 110 10 13 10 10 10 10 10 10 10 10 81-• 8!-

Cracking 0 1o0 10 o 0 0 10 1 0 10 10 10 10 10 10 10 10

Undercvi-ting 10 10 10 glo 10 10 10 10 10 10 10 10 10 10 10

Rusti;rg, Type! 1 9I- 10 ,0 41 10 10 110 10 10 10 10 10 9 9 10

Rusting, Ty..e 1l 10 1O 10 0 t10 10 10 10 10 10 10 •0 10 10 10

Pittingj 10 10 10 o10 10 0 10 10 10 IC 10 10 10
Foul;ng, amount 0- L . -M /"H - M L M H - L L

Fouling, are1- -- 2 2 - 4 0 - 2 3 - 4 21- 4 2

1. Plant Area 8 8 8 - 8 8 - 6 8 - 9 4

2. Atimi.- Area 1- I 3 - 5 0 - 3 3 - 6 2 - 4 5

a. Tunicates - 10 10 -1 G 0 - 10 10 - 10 2 -- 10 10

b. Barnacles!- 10 8 - 5 9 -- 3 8!- 5 8 - 4 9

c. Mussels 1- 10 9 - 88'- 10 9 - 10 9 - 10 10

d. Bryoza I D 8 10 1010 -- 10 5 - 10 ,0 - 10 "

e. Hydroids - 10 7;- 8 8 - 10 7 - 9 9 - 10 8

f. Tube Worms 10 5 - 10 9 -- '0 6 - 10 9 - 10 9

Overll Rating 1 0 10 10 10 9

./A = atmosphpric zone • N = none 9 L -- light
2 T = tidal zcv'e 6/ H = heavy 10/ 0 = 100% fouled: 10 = 0% fouled
3/ S = submerged zone / D = dense .1]/ F = few
4l Antifouling top coat only 8/ M = medium 12J/ Antifouling and too coot lost exposing p



3 4 5 6

SD PH SD PH SD PH SD

S A T S A T S A T 3 A T S A T 5 A T SA T S

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

-- 8 . . . . . 6 .. . .. 6 . . . . .

010 1010 10 1010t10101010 10 10 10 10 10 1010101010

6 10 10 10 10 10 10 10l0 10 10 10 10 10 10 10 10 10 10 10 10 10

D"/ N N N N N N N N N N N N N N N N N N N N

o 10 22- 21-2/ 1U 10 10 10 0 1010 1 10 31-7W 10 10W ' 10 10 10 10 10 10

10 10 10 10 10 1010 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

10 10 101010101 0 1010 10 10 10 10 10 10 10 10 10 10 10 10

10 10 !0 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10I I
10 1 1 10 10 !0 10 10, 10 10 10 10 110 10 I0 10 10 10 10 10 10 10 10

10i0 0 10 10 To10 1010 10010 10 10 10 10 10 10 10 1010 1010

LL- H - L M -M H- M M - L h - M- L H

2 - 3 2- 22- 4 1-1 1 - 6 2 - 1 1- 7 2

4 5 9 - 99- 7 7 - 9 9 - 8 9 - 9 8 - 7 8

5 - 6 2- 22 -6 1-1 1 - 7 2 - 2 1 - 8 2

10-- 10 7 -1 10 -10 1 - 10 10 - 10 5 - 10 10 -10 2

-- 6 8- 2 8 -8 10- 1 9 - 7 9 - 2 - 8 9
10 - 10 9 10 9 -9 9 - 9 9 - 10 9 - 8 9 - 10 9

- 10 0 02 10 0 -- 10 6 1- 0 10 - 10 8 -10 10

8- 9 1 . 10 8 -9 9 - 10 6 - 9 9 - 10 6 - 9 9

9- 10 10- 10 4 -10 10 - 10 5 - 10 9 - 10 6 -10 9

9 10 10 9 9 10 10
--- L - I_ -L - 1

)_, A few pin holes only 1,. lmpo;sible to determine chalking on Son Diego panels
1A/ Delamination of primer r, nd top coat because of extremely high tide at time of inspection

exposing zinc silicate coating 6/ Loss o,- top coat exposing gray seal coat
Sprimer

Continued
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oating System No. 7C 8 9

Exposure Site PH So PH SD PH SD PH

PaneIZone A T S A T S A T S A T S A T S A T S A T 5

eneralProtection 9 10 10 10 1010 . 0 10 1010 10 10 10 1010 10 10 10 9 8
holking 8 - - - - B - - - - 10 - - - - - 10 -

hocking 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 1!
listering,.s;'e 10 10 10 10 10 10 10 10 8 10 10 10 10) 10 10 10 10 10 6 2
;istering, frequency N N N N N N N N F U1 N N N N N N N N N F M h

laking 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 14

racking 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 1I

ndercutting 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 11

isting, Typel 9 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 10 10 9 10 14

isting, Typell 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 8 8

itting 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 8 8

ouling, amount - L L - L L - L L - L L - L L - L L - M h

wuling, are-oi' - 6 1 - 5 6 - 9 8 - 6 6 - 4 1 - 7 7 - 1

1. Plant Area - 7 1 - 7 8 - 9 8 - 6 6 - 4 1 - 7 7 - 9

2. Animal Area - 9 9 - 6 9 -1 0 10 - 7 9 - 9 10 - 7 8 - 1

a. Tunicates - 10 10 - 10 9 - 10 10 - 10 9 - 10 10 - 10 9 - 10 1

b. Bamocles - 9 9 - 6 9- 10 10 - 9 7 - 9 10 - 7 9 - 1

c. Mussels - 10 10 - 10 10- 10 10 - 10 10 - 10 10 -9 9 - 8

d. Bryozoa - 10 10 - 10 10 - 10 10 - 10 10 - 10 10 - 10 10 - 10

e. Hydroids - 10 10 - 10 9 -1 10 - 10 10 - 10 10 - 9 10 - 10

f. Tube Worms - 10 10 - 10 9 - 10 10 - 10 9 - 10 10 - 10 9 - 10

Overall Rating 10 10 10 10 10 10 8

A = atmospheric zone •/ N = none -/ L = light D/
T = tidal zone 6/ H = heavy 10,/ 0 = 100% fouled; 10 = 0% fouled 14/1
S = submerged zone / D = dense Ij, F = few
Anti fouling top coat only J./ M = medium 12/ Antifouling and top coat lost eocxpoing primer



10 11 12 13

SD PH SD PH SD PH SD

TS A T S AA T SAT5A T S A T S A T S AT S

7 99 9 9 5 910 8 8101010 1010 10 9 9 10 109 9
- - - 8 - - - - - 8 - - - - - 10 - - - -

10 10 10 1010 10 1010 10 10 1010 1010 10 10 10 10 10 10 1010
2 02 2 120 22 10 2 210 210 102 2 10 10 10 1010 10

M N F F N M F N F MN F NN F F N N N NN N

10 10 1 0 10 10 7 9 10 6 8 10  4 U41 0 1 02 W,4 W' 1 0 1 0  10 10 1010
10 10 10 1010 10101010 1010 10 1010 10 10 10 10 10 1010 10

10 10 9 910 61010 8810101010 1010 10 10 10 10 1010 10

10 9 99 9 610 108 6 10 101010110 10 9 10 109 9

7 9 9 9106 310 8810101010 1010 10 10 10 10 1010 10

7 9 10 1010 910 10 9 910 10 1010 10 10 10 10 10 1010 10

M L LM-M M L M-M M L M -M M- LH

1 6 62-1 1-43-11-5 5 -1 1-5 2

9- 89-9 9-48-9 9-5 8 -9 9-7 8

1 7 72-1 1-94-21-8 5 -1 1-7 2

10-10 2-1010-10 4-1010-10 6 -10 10-10 2

7- 7 9-1 9- 10- 28-8 10 -2 9-7 9

5 -10 9-10 9- 10 9-97 -10 9 - 7 9 -10 9

6 - 10 10-10 7 -10 10-10 7 -10 10 - 10 7 -10 10

& - 9 9-10 8- 99-10 6 -9 9 -10 7 -9 9

4 - 10 9-105 -10 9-10 6- 10 9 - 10 6 -10 10

9 7 8 9 1 9 10 1 9

IA few pin Woes only 1§j Impossible to determin, chalking on Son Diego panels
,'Delamination of primer and top coat because of extremely high tide at time of inspection
exposing zinc silicato coating I Lou of top coat exposing gray seal c~oat
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J65 1 1 School CEC Officers
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M61 2 2 Aviation Supply Office

Ni 6 18 BuDocks Director, Overseas Division

.42 9 27 Public Works Offices

NS 3 9 Construction Battalion Center

N6 5 5 Construction Officer-in-Charge

N7 1 I Construction Re sodent-Off cor-n.- Choarg

N9 6 12 Public Works Carter
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H6 I I Medical Center
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1 1 Chief of Staff, U. S. Army, Chief of Research and Development,
Deportment of the Army, Washington, D C.
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